Systemic lupus erythematosus (SLE) is a systemic autoimmune disease that has a significantly higher prevalence, morbidity and mortality in African Americans compared with Americans of European descent. The pathogenesis of lupus is unclear but appears to be a result of environmental factors interacting with a genetically susceptible host. Despite the high disease load of SLE in African Americans, there is the perception that lupus is relatively rare in Africa. This prevalence gradient suggests that comparative studies of related cohorts from the two continents may provide insight into the genetic/environmental interactions that result in the development of lupus. To define if a lupus gradient exists, we began a study of autoimmunity prevalence utilizing two unique cohorts. The first is the Gullah population of the Sea Islands of South Carolina, who are unique in their low genetic admixture and their known ancestral heritage. The second is the population of young women served by the West Africa Fistula Foundation in Bo, Sierra Leone. Anthropologic studies indicate a direct ancestral link between the Gullah population and Sierra Leoneans. Since it is impossible to perform an epidemiologic study of lupus in Sierra Leone at this time, we assessed the prevalence of lupus serum autoantibodies, serologic evidence of specific infections and levels of serum 25-OH vitamin D in young women in the two cohorts who have no known relatives with lupus. Our results indicate similar prevalence of serum antinuclear antibodies in the two cohorts, though there was a significantly increased prevalence of antiphospholipid and anti-Sm antibodies in the Sierra Leone cohort. Seropositivity to common viral infections was significantly higher in women from Sierra Leone, while serum 25-OH vitamin D levels were markedly lower in the Gullah population. These data suggest that the prevalence of autoimmunity is similar in the two populations, but that there are significant environmental differences that may impact progression to autoimmune disease. Further studies comparing these two cohorts is likely to provide important insight into the impact of environmental factors on development of lupus. Lupus (2011) 20, 1095-1103.
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by immune complex mediated tissue damage. There are marked demographic differences in lupus prevalence, with women being 8-10 times more likely than men to develop lupus and African Americans being 3-4 times more likely than Caucasian Americans to develop disease. [1] [2] [3] The mechanisms underlying these marked demographic differences are unclear at present. As in most autoimmune diseases, lupus is felt to occur secondary to an environmental event triggering pathogenic immune factors leading to development of disease. Lupus development is at least a two-stage process, with the development of autoantibodies occurring many years prior to expression of clinical disease. 4 It is clear that some individuals develop autoantibodies, especially first-degree relatives of lupus patients, but never develop clinical disease. 5, 6 Defining autoantibody prevalence poses a much more attainable goal than determining actual prevalence of disease in a country such as Sierra Leone, where there is only a minimal health care system. 7 Environmental triggers of lupus are difficult to identify as they likely occur years before disease onset and may be common environmental exposures. 8 Different viruses (such as Epstein-Barr virus, EBV) and toxins (such as silica, insecticides) are implicated in epidemiologic studies of lupus. 9, 10 More recently there has been an increasing interest in the role of vitamin D as an immune system modulator, and that deficiency of vitamin D could potentially lead to development of autoimmune diseases, including lupus. 11, 12 Indeed, a number of studies reported associations of vitamin D deficiency with lupus and other autoimmune diseases, with additional evidence for higher rates of disease flare in deficient patients. 13 One interesting approach to defining environmental effects is to define whether a disease differentially impacts a population that moves from one geographical area to another. Thus, defining if there are differences between the prevalence of lupus in native Africans versus African Americans would suggest that environmental factors are important in disease pathogenesis. There are numerous case reports of lupus developing in African individuals after they moved from Africa to Europe or North America. 14, 15 There are also small series suggesting that the prevalence of lupus in West Africa is low. [16] [17] [18] [19] These observations have led to the 'gradient hypothesis' that there is a significant difference in the prevalence of lupus between native Africans and African Americans. 17, 20 Most of the studies that looked at lupus prevalence in Africa were done in East Africa, Central Africa or Southern Africa, which are not the ancestral areas origin of most African Americans. [21] [22] [23] [24] [25] Thus significant genetic differences exist between Eastern Africans and Western Africans that likely impact diseases such as lupus. Significant genetic admixture in most African American populations further confounds attempts to separate environmental differences versus genetic variation. 26, 27 The Gullah/Geechee population of African Americans, living on the Sea Islands of South Carolina and Georgia, are a unique cohort in their low genetic admixture and retention of cultural traditions (Figure 1 ). [28] [29] [30] The Gullah are also unique in that their ancestral origin in Africa is known. 28, 29 During the slave trade era, Africans from Sierra Leone were captured and forcibly brought to the Charleston, South Carolina area due to their skill in rice farming ( Figure 2 ). Rice, at that time, was the cash crop along the coast of South Carolina and Northern Georgia. The 'founding population' for the Gullah community is estimated to be between 3000-5000 individuals. 30 These slaves and their families were kept on the Sea Islands to raise rice. Due to the prevalence of malaria and yellow fever, as well as the heat and humidity, slave owners and slave foreman, for the most part, did not go to the islands. After the Civil War, most of the Gullah/Geechee population remained on the islands living on subsistence farming and fishing. Again due to disease, climate and lack of access, they remained relatively isolated on the islands until the mid-1900s when roads and bridges were built to the islands and malaria and yellow fever were eliminated. The Gullahs' Englishbased creole language is strikingly similar to Sierra Leone Krio and contains such identical expressions as bigyai (greedy), pantap (on top of), ohltu (both), tif (steal), yeys (ear), and swit (delicious). As late as the 1960s, a Black American linguist found Gullahs in rural South Carolina and Georgia who could recite songs and fragments of stories in Mende and Vai, and who could do simple counting in the Guinea/Sierra Leone dialect of Fula. In fact, all of the African texts that Gullah people have preserved are in languages spoken within Sierra Leone and along its borders. 30 Due to their relative isolation for centuries, there is very little non-African genetic admixture in the Gullah population (3% admixture in those living on the Sea Islands) compared with other African American populations (18-24% admixture). 28, 29 In recent genetic analyses of lupus in the Gullah population, principal component analysis demonstrated that the Gullah are indeed genetically separable from other African American cohorts. 28, 29 This analysis also confirmed the continued low genetic admixture of the Gullah cohort reported herein to be 6%. The overall prevalence of lupus in the Gullah is unknown, although based on hospital data in South Carolina, it appears to be between 1/150-1/200 African American women (unpublished data).
Based on these factors, we believe that comparing the Gullah/Geechee population with a cohort in Sierra Leone provides a unique opportunity of comparing two populations with similar genetic makeup, but highly different environmental exposures. Due to the lack of an organized health care system in Sierra Leone, it is impossible at this time to establish the prevalence of lupus there. We therefore proposed to determine the prevalence of 'autoimmunity' in lupus-unaffected women in the two populations as determined by serologic measures. We also assessed the prevalence of seropositivity for viruses implicated in lupus pathogenesis and serum 25-OH vitamin D levels.
Methods

Cohorts
Unaffected female controls with no known relatives with lupus and no symptoms of lupus were selected from the Gullah 'SLEIGH' (SLE in Gullah Health) cohort (n ¼ 107) to match the age and gender of the Sierra Leone cohort. 5 The specifics of recruitment and demographics of the SLEIGH cohort were previously described elsewhere. 5 The Sierra Leone cohort is composed of women under the care of the West Africa Fistula Foundation at the Bo Government Hospital in Bo, Sierra Leone (n ¼ 70). The women are seen for care of vesicovaginal fistulas occurring as a result of obstructed labor. They had been tested for and were negative for HIV. Serum for this study was obtained from women while they were boarding in the hospital awaiting surgery. The women were questioned regarding symptoms related to lupus using the validated connective tissue disease questionnaire. 31 They were all examined by a volunteer physician (GSG, DRM, or NMR) and assessed for symptomatic or physical evidence of connective tissue disease. This protocol was approved by the Research Ethics Committee of the Ministry of Health and Sanitation in Sierra Leone and by the Institutional Review Board of MUSC.
Laboratory measures
Autoantibody tests were performed at the Oklahoma Medical Research Foundation serology laboratory using standard techniques. 5 Antinuclear antibodies (ANA) were measured by Hep2 indirect immunofluorescence, anti-cardiolipin and anti-b2 glycoprotein 1 antibodies by ELISA, anti-DNA by Crithidia and ENA by Ouchterlony. Viral seroconversion was tested by standard ELISAs. 32 25-hydroxyvitamin D (25-D) levels were tested by radioimmunoassay (RIA) in both cohorts in the Hollis laboratory at the Medical University of South Carolina. 33 Subsequently, serum samples were analyzed for autoantibody levels using the Bio-Rad BioPlex 2200 Analyzer and ANA kits. Sera were screened by this multiplexed bead-based assay for 13 distinct autoantibody specificities including: dsDNA, chromatin, ribosomal P, 60 kD Ro (SSA-60), 52 kD Ro (SSA-52), La (SSB), Sm, Sm/RNP, nRNP A, nRNP 68, Scl-70, centromere B, and Jo-1. 6 Syphilis positivity was assessed via standard RPR methods.
Results
We initially assessed ANA positivity in the two cohorts to determine overall level of autoimmunity. As shown in Table 1 , a significant percentage of individuals in both cohorts tested positive for ANA at a 1/40 titer, with positivity being more prevalent, but not significantly, in the Gullah cohort. As the titer requirement increased to 1/120, approximately 20% of the Gullah and 16% of the Sierra Leoneans tested positive. Even at a 1/1080 titer 3% versus 4% of unaffected individuals had a positive ANA. In both cohorts the primary pattern was nuclear speckled, with a smaller percentage having cytoplasmic positivity. None of the differences in ANA positivity were significantly different. To define the specificity of the ANA-positive serum, anti-dsDNA by Crithidia and anti-ENA antibodies by Ouchterlony were performed. No individual in either group had detectable anti-dsDNA antibodies, while one Gullah participant tested positive for anti-RNP antibodies and two Sierra Leone sera were positive for anti-Ro antibodies.
A significant number of sera tested positive for IgG (37.1%) and IgM (10%) antiphospholipid (aPL) in the Sierra Leoneans compared with the Gullah (4.9% and 0%, respectively), as demonstrated in Table 1 . No individual was positive for IgA aPL. To further define this positivity, we performed assays for serum anti-b2GP1 that measures IgG, IgA and IgM antibodies. There were no individuals that tested positive for anti-b2GP1 and those with the highest reactivity, though still within the normal range, were not the individuals that tested positive for aPL antibodies. Due to the possibility of false positive aPLs with treponemal infections, we performed RPR assays on all samples. Only two individuals showed low reactivity to RPR and both were ANA negative; one was aPL and anti-b2GP1 negative, and one was low positive only for aPL IgG, but otherwise negative. The sera were subsequently run on the Bioplex assay to detect 11 different autoreactivities. The Bioplex assay has higher sensitivity and allows multiple assays to be run simultaneously on the same sample. Results are shown in Table 2 . There are a number of differences between the results from the two Ouchterlony and Bioplex assays, with there being more positives in the Bioplex assay. Most notably, 10% of the Sierra Leone samples were positive for anti-Sm activity compared with none of the Gullah (p < 0.001) in the Bioplex assay. No sera in either group was positive for anti-Sm antibodies using immunodiffusion. Similarly, a number of individuals in both cohorts were antibody positive for Sm/RNP and RNP A antigen, with single patients positive for a number of the other antigens. In almost all instances the titers were low, and only one Sierra Leonean patient had multiple positivities (Sm and RNP A). Overall rates of Bioplex positivity were not significantly different in the two groups, other than the 10% of Sierra Leone women testing positive for anti-Sm antibodies.
We then assessed the two cohorts for differences in measurable environmental factors linked with lupus in the current literature. 34 We first assessed for seropositivity for common viral pathogens. This testing revealed that the Sierra Leoneans had significantly increased numbers of seropositive individuals for all the viruses tested including EBV, cytomegalovirus (CMV), and Herpes Simplex viruses (HSV1 and HSV2 (Table 3) , though none of the Sierra Leonean women had evidence of active infection at the time serum was obtained. Only two Sierra Leonean women were negative for HSV2 and they were ANA negative, while the single woman negative for Epstein-Barr virus was also ANA negative. All Sierra Leonean ANApositive individuals were seropositive for all four infections assessed. As noted above, none of the women in the Sierra Leone cohort were HIV positive. We have not systematically assessed for HIV infection in the Gullah cohort. Thus the infections linked to disease development in American lupus cohorts are more common in the Sierra Leonean population compared with the Gullah, although autoantibody positivity rates are similar, other than aPL antibodies. It is perhaps not surprising that infection rates would be higher in Sierra Leone where there is essentially no clean water or sewage system. Another possible environmental factor impacting development of SLE is vitamin D status. 35 Serum 25-D levels were significantly higher in the equatorial Sierra Leonean samples compared with those obtained in the Gullah in Charleston (p < 0.001, Table 4 ). Compared with the 95% who are insufficient (< 30 ng/ml) and 50% who are deficient (< 20 ng/ml) in vitamin D among the Gullah, only one individual in Sierra Leone was insufficient and none were deficient. There was a trend towards higher 25-D levels in both the Sierra Leoneans and the Gullah who were ANA negative, although the difference was not statistically significant (p ¼ 0.617 and p ¼ 0.145 respectively).
Discussion
In this report, we present preliminary studies of autoimmunity prevalence in two unique cohorts of African descent, which we believe may provide important insight into the environmental/genetic interactions that result in the development of SLE. The first cohort is the Gullah population of the Sea Islands of South Carolina and Georgia. We initiated this cohort in 2003 to study the impact of lupus on this African American community. 5 GIS mapping studies of hospitalizations for lupus in South Carolina indicated a significantly higher prevalence of lupus in African Americans along the coast of South Carolina compared with the mid-state and up-state (unpublished data). Those of Gullah heritage make up a significant percentage of African Americans living along the coast of South Carolina. We thus undertook this study to define prevalence and severity of lupus in the Gullah. We found lupus is prevalent in this population, with disease manifestations similar to other African American cohorts with the exception of the Gullah having more skin disease and less hematologic manifestations. 5 We enrolled into this cohort patients with lupus, unaffected first-degree relatives, and unrelated controls. The Gullah cohort, due to their genetic homogeneity, have contributed significantly to the identification of genetic associations recently reported in lupus in African Americans. [36] [37] [38] [39] The close relationship, culturally and genetically, between the Gullah and current residents in their ancestral home in Sierra Leone raised questions regarding differences in disease prevalence between the two populations. Prior to initiation of our studies, Project Sugar, led by Dr Tim Garvey and Dr Ida Spruill, asked similar questions regarding diabetes. 29, 30, [40] [41] [42] [43] [44] They established a community advisory committee and, through their work, a trust developed between the community and investigators at the Medical University of South Carolina. 30 This trust and collaboration allowed us to successfully recruit individuals to the lupus study (SLEIGH) to begin to address the question of environment versus genetics in lupus. One difficulty in addressing a disease gradient is the comparative populations to study. As noted above, African Americans are, for the most part, genetically distinct from African populations due to admixture. 29 In addition, most African populations studied to date are in Eastern Africa, where the horrors of the slave trade had minimal impact. 24 Most African individuals forcibly moved during slave trade days to the United States came from a limited area of Western Africa. The genetics of East African tribes differ significantly from the genetic makeup of West African tribes due to centuries of separation.
Medical studies in East Africa were possible due to the relative political stability in those countries, though no epidemiologic assessment of lupus is published. Such is not the case in West Africa, where civil wars have made any type of medical research difficult to impossible. 45, 46 This is especially true in Sierra Leone, which until 2003 was wracked by a brutal civil war based to some extent on 'blood diamonds'. 46 Due to the civil war, almost the entire infrastructure of the country was destroyed. Health care is minimal despite heroic selfless efforts of a number of individuals and agencies. 46 Dr Darius Maggi, a retired Texas obstetrician, to help women with gynecologic fistulas that develop during obstructed childbirth, established the West Africa Fistula Foundation. The Foundation is headquartered at the Bo Government Hospital in Bo, Sierra Leone. Dr Maggi visits three to four times a year, operating on hundreds of women, repairing their fistulas so that they become continent and able to return to their homes without shame. Since his patients are young-to-middle-aged women, they could be readily matched in age and gender to the SLEIGH lupus patients and controls. Dr Maggi began collecting serum samples 2 years ago, which were expanded during a recent visit to Sierra Leone by two of the other coauthors. Care for children and adults is primarily provided by dedicated military trained medics, but not doctors. Upon questioning, none of the health care providers at the Bo Government Hospital were aware of the disease lupus, not unexpectedly as lupus is not a major health concern for the populace burdened with infectious diseases. Infrastructure and health care, especially for children, is improving in Sierra Leone. At this time, however, it is impossible to determine whether lupus is a prevalent disease or not given the limitations of the health care system. Due to these limitations, we elected to study the first phase of lupus disease development, that of circulating serum autoantibodies in asymptomatic individuals. We sought to determine if there was a difference in autoantibody prevalence between unaffected SLEIGH controls versus unaffected women in Sierra Leone. As noted, there were more similarities than differences between the two populations in autoantibody positivity except for anti-Sm and anti-cardiolipin reactivity. This is a preliminary study with small numbers, so noted differences may not hold up as we expand the sample size in both groups. The overall similarity of ANA positivity between the two groups suggests that if there is a gradient in lupus, it is not at the stage of development of autoantibodies, but at the stage of progression to clinical disease. From the serologic studies, the one unexpected finding was the high prevalence of seropositivity for anti-cardiolipin antibodies in the women in Sierra Leone. None of the women had suffered blood clots by history. It would be impossible to determine history of fetal loss since most pregnancies do not end successfully there. Given that the anti-b2GP1 antibodies were negative in the Sierra Leonean women, we do not believe these represent true positives, but rather likely reflect cross-reactivity from other infections. It was previously reported that individuals infected with malaria have a high positivity rate for anti-cardiolipin antibodies similar to the 30% we report. 47 In these reports the serum was not reactive with b2GP1, and thus likely represents cross-reactive binding to phospholipids induced by the malaria parasite. The clinical significance of these antibodies in malaria infection is unknown. 48 Given the endemic nature of malaria in Bo, Sierra Leone, we believe that the aPL positivity is secondary to malaria infection. Since essentially everyone in Bo is infected with malaria, it is not clear why only 30% of the women were positive. The seropositivity for specific antigens such as Sm in the Sierra Leone populations is interesting, but given that they are all low titer and do not score on the Ouchterlony assays suggests they are likely not clinically relevant.
As expected, when environmental factors were assessed, there were multiple highly significant differences between the two populations. Common viral infections present in one-half to two-thirds of the SLEIGH population are almost universally present in the women in Sierra Leone. The low number of seronegative individuals in Sierra Leone made it impossible to derive any conclusions regarding the role of viral infections in inducing positive ANAs. Vitamin D deficiency, present in the vast majority of SLEIGH patients, is essentially non-existent in Sierra Leone. Again due to the limited number of individuals, it is difficult to determine what role vitamin D deficiency or sufficiency is playing, other than the trends towards lower 25-D levels in individuals with positive ANAs in both populations.
In summary, we have established two unique cohorts of individuals of African heritage. There are unique cultural and ancestral links between the Gullah of South Carolina and the people of Bo, Sierra Leone. In preliminary studies, we demonstrated that the overall prevalence of autoantibodies is similar in unaffected controls from both groups. Antibody specificity varied between the two groups, but small sample size may explain these differences. Ongoing genetic studies, that include samples from both groups, along with further enrollment and environmental analysis in these cohorts will provide important insight into not only the presence or absence of an Africa to US lupus gradient, but also insight into gene-environment interactions in lupus.
